
RESEARCH MEMORANDUM 

FULL-SCALE INVESTIGATION OF A WING WITH THE LEADING 

EDGE SWEPT RACK 47.5dAND HAVING CIRCULAR,-ARC AND 

FINITE-TRSIILING-EDGE-THIC-S &ILERONS 
/ 

BY 

Roy R. Lange 

Langley Aeronautical Laboratory 

NATIONAL ADVISORY COMMITTEE 
-FOR AERONAUTICS 

. .. 

WASHINGTON 
March 11, 1949 



W A  RM No. L9BO2 

By Roy H. Lange 
" 

The resul ts  of an investigation in the Langley fuJl+~cale tunnel 
t o  determine the aero-c characteristics of a wing with the leading 
edge swept back 47.3O and having a 2Cbgercent"chmd, 50-percent-span 
outboard aileron are presbnted in thfe paper. The wing had symmetrical 
circ-c airfoil sections and was investigated both w i t h  a 
clrc-c contour aileron and w i t h  a flat-sided contour aileron with 
f i n i t e  tr€%iling-+dge thichese. 'Tests were ala0 made t o  determine the 
aileron effectivenese xith and xithout t h e I  modified ai lero . A l l  the 
data are  presented for a Reynolds number of about 4.3 x 10 and a Mkch 
number of about 0 '07. 

8 

The results show that the finite-trailing+dg+tge-tclmess aileron 
caused  about a 3"percent stabilizing sh i f t  in the aerodynamic-center 
location aa canpared with the baaic wing  for a l i f t -coeff ic ient  range 
of 0 t o  0.35. The f inite-trailin@iedg"bhicl.mess aileron caused  about 
a 15percent increme in drag coefficient for' lift coefficients below 0.3. 
In  general, the finitetrailing-edg+thicbss aileron gave a more 
nearly linear variation of rolling-nt coefficient w f t h  aileron 
deflection f o r  a range of angle of attack from 0' t o  160 bx e lh iga t ing  
the  reduction'in aileron effectiveness for deflectione between 10 and 
15O characteristic of the baeic w i n g  aileron. For angles of attack 
greater than 160 there is no appreciable  difference in the  effectiveness 
of the two aileron  configurations. 

The problem of eecuriw adequate lateral control f o r  h-peed 
aircraft  enploying meptback winge  requires careful consideration for 
both the high-epeed and the low-epeed flight conditions. An investi- 
gation a t  high  subsonic and transonic epeeda (M = 0.3 t o  1.g) of 8 
2&percenkhord, 50-percen.t;epan outboard a i l e ron  on a 42.7 sweptback 
w i n g  showed that thing the circ-c aileron contour t o  a flat+ 
sided aileron contour with f i n i t e  t r a i l m e  thichess eliminated 
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reversal of control i n  most cases and generally -proved the  aileron 
cantrol  characteristics  (reference 1). I n  addition, an investigation 
a t  a Mach number  of 1.9 (reference 2) also showed some improvement in  
rolling  effectiveness  resulting from t he   we  of the thick  afleron. 
Inasmuch as the  aileron' w i t h  f i n i t e   t r a l l i n g ~ d g e  thickness produced 
desirable control characteristics  for high-speed flight, it was of 
particular  intereet t o  detemnine the characteristics of thie  aileron 
for lawdpeed,  hi-ttitude flight conditiom . Theref ore, incidental 
t o  a general  investigation in the Langley full-scale tunnel of a 
47.5O sweptback wing with sgmnretrical circular-arc airfoil section8 , 
t e s t s  were made of the w a  with 8 2CLgercentcchord, ppercent-epan 
outboard aileron with both  the circ-c contour and the f l a h i d e d  
contour with finite trailing-&dge  thickness A trailing-edge  thlcbese 
of one4al.f the aileron-hinge-line  thic3mess was tested inasmuch as the 
results of reference I indicated that, in general, this configuration 
was more effective  than  other trailin&-edge thiclmessee. 

The invee igation included measurements at a Reynolds TLumber of 
about 4.3 x 10 2 and a Mach nmiber of about 0.07 of the lift, the drag, 
and the p i t c h i w a n t  coefficients of the  basic wing and of the wing 
with the f inite-traili~~g-edge-tliicknese aileron installed for a large 
angle-of-attack  range. The aileron  effectiveness xas also determined 
for  the two aileron  configurations fram tests with the 'right  aileron 
deflected through a range f2o.m Oo t o  19.6'. 

The t e s t  data a r e  presented as standard XACA coefficients of 
forces and maments. The data are referred to a s e t  of axes coinciding 
w i t h  the xind axes, and the or igin waB located at the quarter-chord 
point of the mean aerodynam3.c chord. 

CL 

CD 

lift coefficient - t3 
pitchiw+momnt coef f i c  ierrt 

" 

C 2  ro l l ingament  coeff icient 

2, r o l l i n g a n t  coefficient produced by the  aileron 

M pitching mnment o r  f r ewt ream Mach number 

L rolling moment 
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a angle of attack, degree8 
I 

9 free-stream dynamic preseure 

S w i n g  area (231.0 sq f t )  

b w i n g  span (28.5 f t )  
- 
C 

t 

6 
aR 

C 

X 

mean aerodymmlc chord measured p a r a l l e l  t o  plane of 

r ight  aileron deflection,  positive f o r  dam  deflections, 
degrees 

chord, parallel t o  plane of symmetry 

longitudinal  distance, p e r a l l e l  t o  plane of apmetry, 
from leading eQe of root chord t o  quartercchord  point of 
each section 

r a t e  of change of  pitch%-nt coefficient w i t h  lift 
coefficient 

r a t e  of change of rolling-nt coefficient produced by 
aileron  with right aileron  deflection,  per degree 

MODEL 

The geometric  characterlatic€! of t% wing are given i n  figure 1. 
The w i n g  has an angle of Bweepback of 45 at the quarte-hord line, an 
aspect  ratio of 3.5, a taper   ra t io  of 0.5 and has no geometric dihedral 
o r  twiet. The a i r foi l   sect ion of the wing is a sgmmetrical, l&percen% 
thick,  circular-erc  section  perpendicular t o  the 50-percent”chord line. 
A mre detailed description of the wing is given in  reference 3. 

The aileron  tested was actually an outboard -percent-epan,  2CLpercent- 
chord (normal t o  the P p e r c e n h h o r d  line) trailing+dge  plain  flap. 
This f l a p  wa8 pivoted on piano  hinges mounted flush  with  the lower 
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wing surface and, therefore, only downward deflections were poesible. 
When the  f lap was deflected  the gap on the upper wing surface waa 
covered an$ faired w i t h  a shge”t,al seal: Aileron  deflectione of Oo, 
5.7O, 10.2 , 14.3O, and 19.6 were provided on the right aileron 
only. A sketch, of the aileron contours tested is given i n  figure 2, 
and a photograph of the wing w i t h  the aileron modified with 8 finfte 
t ra i l ingedge thickness is given as figure 3. , 

All the- teets  were %de through an anglf+ofdttack r e from 
about -2O t o  2 5 O  and a t  a Reynolds number of about 4.3 X 10 Y and a 
Mach  number of about 0.07. I n  order t o  determine the  longitudinal 
characteristics of the wing measurem6nts were made of the lift, the 
drag, and the pitching-moment coefficients. of the  basic w i n g  and of 
the w i n g  w i t h  the modifieh aileron. The a i l e r o ~ f f e c t i v e n s s   t e s t s  
were made w i t h  only the right aileron  deflected through a range frm 0’ 
t o  19.60. For these t e s t s  the aileron was se t   a t   t he  required defle+ 
tion, and then force t e e t s  w e r e .  made ae the angle of attack of- the 
w i w  was increased fra Oo t o  25O. 

The effects of the  aileron w i t h  f i n i t e   t r a i l i w d g e   t h i c h s s  on 
the stall progression of the wing  were determined from visual obsez- 
vationa of the  action of wool tufts attached t o  the upper w i n g  surface. 

The results have been corrected  for the stream  alinement, the 
blocking effects,   the.tares caused by the wing supports, and the jet- 
boundary effect8 which were calculated on the b a s i s  of an m e p t  wing. 

Longitudinal  Aerodynamic Characteristics 

The finite-trailing-edge4hickneas aileron ahme a slight increase 
i n  lift-curve elope and.in maximum lift coefficient  as compared with the 
basic w i n g .  (See fig.  4(a).) The drag coefficient of the b u i c  wing is 
increased by about 15 percent for l i f t  coefficiente below 0.3 by the 
addition of the f in i t e - t r a i l i ng -edgs th i c~ss  aileron. (&e f ig .  4(b) .) 

AB shown by the  vari&tiona of C, with CL i n  figure 4(c), t b  
aileron with finite trgbiling-edge th ichees  caused  about a +percent 
stabilizing shift in  the aerodynamio-center location as compared with 
the  basic wing  for a l i f k o e f  f icient range frm 0 t o  0.35. For lift 
coefficients above about 0.3, hawever, there l e  no appreciable change 
i n  aerodynamic-center location aa compared with the basic wing.  

I 
”. 
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Obsematiom of the stall progression wer the wbg w i t h  the finite- 
trailing+dge-thickness  afleron  installed showed a delay in the angles 
of a t tack  a t  which spanwise flow was fully developed i n  the  outer w i n g  
semispan as compared with the flow over the  basic win@;. As a result, 
the flow over- the outer  w-ing semispan was tmpoved through the low and 
,moderate  a,ngle-of+ttack range which resulted in an increase in the lift 
over this portion of the w i n g  and more stabilizing  pftching  character- 
is t ics .  However, a t   the  higher angles of attack  there was no signifi- 
cant  difference in the stall progressions. 

Aileron  Effectiveness 

The rolling-nt data presented in  f igure 5 were used t o  obtain 
the aileron-effectiveness results presented in figure 6, and the ro l l ing-  
moment coefficients  presented in  f igure 6 represent the coefficient a t  a 
given  deflection minus the  coefficient at zero  deflection.  In,general, 
the f init+trailing-ed.ge-thichess aileron gave a mre  nearly linear 
variation of rofng-nt  coefficient with aileron  deflection for a 
range of angle of attack from Oo t o  16O by eliminating  the  reduction in 

la 
the  aileron  effectiveness - 

%R 
for deflections between 10' and 15' 

characteristic of the baaic Xing aileron. For angles of attack  greater 
than 16O, there is no appreciable  difference in the  effectiveness of the 

two aileron  configurations. The aileron  effectiveness at the 

highest deflection  tested (5% = 19.6") decreased from values 

of 4.00118 and "0.00111.8 f o r  the baaiwwing aileron and finite- 
t r a i & i n g e d g e - t ~ c h s ~  aileron,  respectively, a t  an angle of attack 
of 0 oto -0.00039 f o r  both  aileron  configurations a t  an angle of attack 
of X) . The effectiveness is further decreased t o  about  zero for both 
aileron  configmatiom at  811 angle of attack of W0. For these higher 
att i tude conditions, each afleron produces  about the same maximum 
rolling-nt coefficient of about -0.012. 

r za 
as, 

The results of an investigation in the Langley f d l ~ c a l e  tunnel 
of a wing with the  leading edge swept  back 47.5 and having a &percent.- 
chord, W p r c e n b p a n   a i l e r o n  with-a circular-arc contour and with  a 
flat-sided contour -with  finite  trailing-edge t h i c h s s  shared  the 
foUming: 

1. The f init+pail"f3dge-thic3meas aileron caused  a +-percent 
stabilizing shift in  the aerodynamic"center location  as compared w i t h  the 
basic wing f o r  8 l i f t rcoeff ic ient  range from 0 to 0.33. For lift 
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coefficients above 0.5 there is no appreciable change in  the aerodynamic- 
center  location 88 cnm.Pared with  the  basic wing. 

2. The f in i t e - t r a i l i ng~dge- t -h i c~ss  aileron caused about a 
15percent  increase  in drag for lift coefficients below 0.3 and 
slightly increased  the l i f k u r v e  slope and maximum lif’t coefficient. 

3. In  general, the f inite-b?ail5ng~dge-thlcknesa aileron gave a 
more nearly linear  variation of rolli.ng+mment coefficient  with  aileron 
deflection for a range of angle of attack from Oo t o  16O by eliminating 
the reduction in  aileron  effectiveness f o r  deflection8 between loo 
and 15O characteristic of the  basic w i n g  aileron. For angles of attack 
greater  than 16O, there is no appreciable  difference in the  effectiveness 
of the two aileron  configurations. - - 
Langley Aeronautical  Laboratory 
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(a) VEtriat ian of CD, and C, w i t h  a. 

Figure 4.- EE'fect of fFnite-~iling-edge-thiclm.e~a aileron the lift, 
dng, and pitching-moment coefficients of a 47.5' sweptback wing with 
circular-arc airfoil 
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(et) Baeic wing aileron. 

Figure 5.- Variation of rolling-moment coefficient with angle of attack 
for mveral ailelton deflectione. - 
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(b) Finite-trailing-edge-thicbss aileron inetaLLed. 






